OBJECTIVE: To investigate the relationship between fasting plasma leptin concentrations and insulin resistance in Chinese men and women. DESIGN: Cross-sectional study design. SUBJECTS: Ninety-six nondiabetic Chinese (51 men and 45 women) with body mass index (BMI) between 18.4 ± 35.8 kgam 2 were studied. MEASUREMENTS: Plasma glucose and insulin concentrations were measured every 30 min for 2 h after a 75 g oral glucose load. The degree of insulin resistance was assessed using a modi®ed insulin suppression test. Plasma leptin values were determined by radioimmunoassay. RESULTS: Fasting plasma glucose, glucose areas, fasting insulin, insulin areas, most of the lipoprotein concentrations and steady state plasma glucose (SSPG) concentrations were relatively similar between men and women. Despite the fact that men had higher BMI values (26.1 AE 0.5 vs 24.7 AE 0.5 kgam 2 , P`0.05), fasting plasma leptin concentrations were signi®cantly lower in men than in women (4.9 AE 0.5 vs 9.0 AE 0.8 ngaml, P`0.001). Fasting leptin values were positively related to SSPG concentrations by simple correlation analysis in both sexes. However, this relationship persisted in men (r 0.513, P`0.01) but not in women (r 0.119, P NS) after adjustment for BMI. Multiple regression analysis showed that SSPG concentrations, BMI, glucose and insulin responses together accounted for 62.5% and 52.2% of the variation in plasma leptin concentrations in Chinese men and women respectively. CONCLUSION: Fasting plasma leptin concentrations were lower in Chinese men than in Chinese women despite the higher BMI observed in men. After adjustment for BMI, plasma leptin values correlated with the degree of insulin resistance in men but not in women.
Introduction
Leptin, a hormone regulating appetite and weight loss, has been the focus of major attention recently. Leptin is a product of the ob gene and is expressed in adipose tissue. 1 ± 3 Previous studies have shown that obese individuals have increased plasma leptin concentrations 4, 5 and thus may be resistant to the effect of leptin. After weight loss in humans, plasma leptin concentration declines. 6, 7 Obesity is associated with diabetes mellitus, insulin resistance and other metabolic characteristics of syndrome X. 8 Therefore, the relationship of leptin to these metabolic traits has stimulated interest. The effect of short-and long-term insulin infusions on leptin production has been studied and the results suggest that ob gene expression and leptin production are indirectly regulated by insulin. 9 In fact, a strong positive correlation between circulating leptin and insulin concentrations was demonstated. 9, 10 The relationship between leptin and insulin sensitivity in different sexes has been investigated, but the results are still controversial. It was suggested that there is a gender difference in leptin concentrations which could not be explained by differences in adiposity. 11, 12 Segal et al 13 have shown that insulin sensitive men have lower leptin concentrations than those with insulin resistance, independent of body fat mass. Two reports from Mauritius and Western Samoa suggested that leptin is associated with insulin sensitivity as measured by the Homeostatic Model Assessment (HOMA) both in men and women. 14, 15 However, no relationship has been shown between metabolic syndrome X and leptin in postmenopausal women. 16 By employing a hyperinsulinaemic euglycaemic clamp, Kennedy et al 12 recently found that hyperleptinaemia is associatd with insulin resistance in men but not in women. The leptin concentrations in the Chinese population are largely unknown. This study aimed to evaluate the relationship between insulin sensitivity and leptin concentrations in nondiabetic Chinese men and women.
Material and Methods

Study subjects
Fifty-one Chinese nondiabetic men and 45 Chinese nondiabetic women were included in this study. The volunteers were recruited either from hospital staff or from those came for annual physical check-up. There were 48 hypertensive subjects (30 men and 18 women), but otherwise subjects were healthy. Hypertension was de®ned as systolic blood pressure ! 160 mmHg or diastolic blood pressure ! 95 mmHg on two consecutive measurements by Dinamap (Critikon Model 8270, Tampa, FL, USA), or by being on antihypertensive therapy. Antihypertensive agents such as diuretics, b-blockers, angiotensin converting enzyme inhibitor, a-blockers were used in 6, 12, 17, 5 out of 30 hypertensive men and 5, 6, 4, 2 out of 18 hypertensive women, respectively. Twenty-four women (53%) were into postmenopausal state and none of them received hormone replacement therapy. The protocol was approved by the Human Subjects Committee of the Taichung Veterans General Hospital. Written informed consent was obtained from all subjects before enrolment in the study.
After fasting blood samples were drawn, all subjects were given a 75 g oral glucose challenge, and blood samples were taken 30, 60, and 120 min later for determinations of plasma glucose and insulin concentrations. A modi®ed insulin suppression test was carried out as previously described. 17 Brie¯y, intravenous catheters were placed in both arms of the subjects after an overnight fast. Blood was sampled from one arm for the determination of plasma glucose and insulin concentations, and the contralateral arm was used for the administration of a test substance. Somatostatin was infused at 350 mgah to suppress endogenous insulin secretion while insulin (25 mUam 2 amin) and glucose (240 mgam 2 amin) were administered simultaneously. Blood was sampled hourly until 2 h into the study, and then every 10 min at 150, 160, 170, and 180 min. Insulin concentrations typically plateau after 30 min, whereas glucose concentrations plateau after 120 min. The four values of individual glucose and insulin concentrations obtained from 150 ± 180 min were averaged and considered to represent the steady-state plasma glucose (SSPG) and insulin (SSPI) concentrations. Because SSPI concentrations were similar in all subjects, the SSPG concentration provided a measurement of insulin-mediated glucose disposal, i.e., the higher the SSPG concentation, the more insulin-resistant the person.
Blood was drawn after an overnight fast for measurements of plasma glucose, 18 insulin, 19 triglyceride 20 and cholesterol 21 concentrations. In addition, the high density lipoprotein (HDL) cholesterol level was determined in the supernatant of plasma after magnesium chloride-phosphotungstic precipitation of apolipoprotein B-containing lipoproteins. 22 The low density lipoprotein (LDL) cholesterol concentration was estimated by the formula of Friedewald et al. 23 The fasting plasma leptin concentration was measured by a commercial radioimmunoassay (Linco Research, Inc., St. Louis, MO, USA). 24 The intra-assay coef®cient of variation was 3.4% and inter-assay coef®cient of variation was 5.6%.
Statistical analysis Results are expressed as mean AE SEM An unpaired t-test was used to compare differences in biochemical variables between sexes. Simple correlation between leptin concentrations and metabolic variables with or without adjustment for BMI were analysed. Multiple regression analysis was employed to adjust the effect of obesity and use of antihypertensive medications on the relationship between leptin concentrations and insulin sensitivity. Glucose and insulin areas were calculated as the area under the glucose and insulin curves, respectively (0, 1 and 2 h). All statistical analyses were conducted using a Macintosh computer with the Statview 4.0 Statistical Package. Table 1 shows the clinical and metabolic characteritics of all the study subjects. More men than women had hypertension. The fasting plasma glucose, glucose areas, fasting insulin, insulin areas and most of the lipoprotein concentrations were relatively similar between men and women. HDL cholesterol concentrations were signi®cantly lower in men than in women. Insulin sensitivity, as evidenced by the value of the SSPG concentrations also did not differ between these two groups. Despite the fact that men had higher BMI values, fasting plasma leptin Gender difference of leptin and insulin sensitivity WH-H Sheu et al concentrations were signi®cantly lower in men than in women (4.9AE 0.5 vs 9.0 AE 0.8 ngaml, P`0.001).
Results
Fasting plasma leptin concentrations were not different betwen women with (n 24) or without (n 21) menopause (8.2AE 1.1 vs 9.9 AE 1.3 ngaml. P 0.323).
The relationship between fasting leptin concentration and insulin sensitivity as measured by SSPG concentrations in men and women are shown in Table 2 . By simple correlation analysis, the fasting leptin values were positively related to the fasting plasma insulin, insulin area and SSPG concentrations in men. These relationships persisted after adjustment for BMI (all P`0.01). In contrast, the fasting plasma leptin concentrations were no longer related to the fating insulin or SSPG concentrations when adjustment for BMI was carried out in women. For those who were not using antihypertensive therapy, fasting plasma leptin concentrations did not show correlations with systolic blood pressure (r 0.139, P 0.388), diastolic blood pressure (r 0.001, P 0.997) and mean blood pressure (r 0.113, P 0.408).
Multiple regression analysis was performed to evaluate the degree to which the SSPG concentrations, BMI, glucose and insulin responses predicted the fasting plasma leptin concentrations in men (Table  3) and women (Table 4) . Among these four factors, only the SSPG values, BMI and insulin area were signi®cant predictors of plasma leptin concentrations in men. These four variables together accounted for a 62.5% variation in plasma leptin concentrations in Chinese men. In women, BMI was the only signi®cant predictor of plasma leptin concentration ( Table 4) . The four variables accounted for 52.2% of the variation in plasma leptin in Chinese women. In order to adjust for the possible in¯uence of antihypertensive therapy on relations between plasma leptin concentrations and insulin resistance, multiple regression analysis was carried out again. It showed that adding the variable with or without use of antihypertensive medications did not change their relationship. (r 2 0.626 in men and 0.532 in women).
Discussion
This study, involving Chinese subjects, con®rmed previous ®ndings in studies of other races that men had lower leptin concentrations than women despite the higher BMI found in men. Sex hormones do play a role in the gender differences of circulating leptin concentrations with a strong association between serum leptin and testosterone in men. 25 In addition, it was demonstrated that testosterone concentrations or the ratio of androgen to estrogen correlated negatively with leptin concentrations in men independent of BMI. 26 Furthermore, testosterone therapy in hypogonadal subjects could reverse elevated serum leptin concentrations. 26, 27 The differences in fat depots between men and women may help to explain the sex differences in leptin values. It has been shown that men have lower levels of overall adiposity but greater visceral adiposity than women. 28 Lonnqvist et al 4 have shown that subcutaneous fat produces more leptin mRNA than does visceral fat, which could explain why men have lower leptin concentrations as they have less subcutaneous fat than visceral fat. Another possible explanation came from the observation that there are binding sites for leptin in the hypothalamus, and leptin could suppress hypothalamic neuropeptide Y synthesis. 29, 30 It has been suggested that there are sex differences in the regional distribution of neuropeptide Y mRNA containing cells in the hypothalamus of mice. 31 However, it is not known whether these structural sex differences in the hypothalamus are associated with functional differences in leptin signalling and leptin concentrations in humans.
Several studies have investigated the relationship between leptin and insulin resistance or insulin concentrations. Larsson et al, 32 Kohrt et al 33 and Turpeinen et al 34 found that insulin or insulin sensitivity did not correlate with leptin, independent of obesity, as measured by bio-electrical impedance, dual X-ray absorptiometry (DEXA) or infrared densitometric All variables are shown in order of entry. All variables are shown in order of entry.
Gender difference of leptin and insulin sensitivity WH-H Sheu et al analysis, respectively, in subjects with normal or impaired glucose tolerance. Havel et al 35 have shown that leptin was correlated with fasting insulin in women over a range of BMI. However, this relationship disappeared after adjusting for BMI or percent of body fat. It was also found that leptin was not correlated with insulin sensitivity (by intravenous glucose tolerance test) after adjusting for body fat mass by DEXA in African ± American women. 36 On the other hand, a study with 2537 subjects from different races (Asian Indians, Creoles and Chinese) by Zimmet et al 15 showed that insulin resistance was related to leptin concentration regardless of gender or degree of obesity. Nyholm et al 37 also reported that leptin was independently related to insulin sensitivity (hyperinsulinaemic euglycaemic clamp) after adjusting for body fat percentage in Danish men and women. Our ®ndings indicated that the plasma leptin concentration correlated with insulin sensitivity (SSPG concentrations) as measured by an insulin suppression test in Chinese men but not in Chinese women. This phenomenon existed even after adjustment for BMI. Our ®ndings were also consistent with a recent report from Carantoni et al 38 who reported that plasma leptin concentrations do not relate to insulin resistance or insulin secretion in women with normal glucose tolerance.
The cause of gender differences in the relationship between leptin and insulin sensitivity is not clear at present. Kennedy et al 12 have shown that serum leptin correlated with the pattern of fat distribution as measured by waist to hip and waist to thigh ratios in men whereas these relationships were less pronounced in women. They attributed this phenomenon to the in¯uence of androgen which determines the pattern of upper body obesity in men. It is well known that upper body fat distribution is associated with relative insulin resistance. 39 Thus, it could be assumed that body fat distribution might be involved in the sexual differences of plasma leptin and insulin resistance. Unfortunately, we did not measure waist and hip values which would have enabled us to con®rm this hypothesis in a Chinese population.
Recent studies have focused on the effect of leptin on insulin sensitive tissues. 40 ± 45 Leptin inhibits adipocyte acetyl coenzyme A carboxylase gene expression and activity, 40 suppresses in vitro lipid synthesis 40, 41 and counteracts induction of lipid synthesis by glucocorticoids and insulin. 40 In muscle cell systems, Berti et al 42 demonstrated that leptin stimulated glucose transport and glycogen synthesis in cultured myotubes. Muoio et al 43 reported that leptin increased in vitro fatty acid oxidation in soleus muscle tissue, which is opposite to the action of insulin. Exposure of HepG2 cells to leptin attenuated several insulin-induced activities, including insulin receptor signalling and downregulated gluconeogenesis which suggested a possible role of hyperleptinemia in obesity-associated insulin resistance. 44, 45 Several limitations apply to this study. We did not measure the body fat in each individual. However, it seems unlikely that this relation would be lost if direct measures of body fat were used because Segal et al 13 have assessed the effect of adipose tissue mass with more sophisticated methods such as densitometry, and also con®rmed the independence of the relationship of leptin with insulin resistance. In addition, it has been shown that the correlations between leptin and different measures of adiposity, such as BMI, subcutaneous skinfolds, and waist and hip circumferences, are similar. 5 In our study subjects, more men than women had hypertension. It has been shown that the serum leptin concentration correlated with blood pressure in men but not in women. 12 Unfortunately, we failed to demonstrate a positive relationship between leptin concentrations and blood pressure for those who were not using antihypertensive medications. Previous studies have shown that some antihypertensive medications (angiotensive converting enzyme inhibitor and a-blocker) may improve, while others (b-blocker and diuretics) may decrease, insulin sensitivity. 46, 47 However, adjustment of this factor did not change the relationship between plasma leptin concentration and insulin resistance in both sexes. We excluded diabetic subjects since the degree of insulin resistance in diabetes is overt, although it has been recently reported that diabetes does not in¯uence the relationship between leptin and body weight. 48 Leptin concentrations reported in this study were lower as compared to other reports. 5, 12, 49 This is partly due to the fact that our study subjects were relatively lean.
In summary, fasting plasma leptin concentrations were higher in Chinese men than in Chinese women despite the higher BMI observed in men. After adjustment for BMI, plasma leptin values correlated with the degree of insulin resistance in men but not in women. Multiple regression analysis showed that SSPG concentrations, BMI, glucose and insulin responses together accounted for 62.5% and 52.2% of the variation in plasma leptin concentrations in Chinese men and women respectively.
